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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the color-separation light filter used for electrochromatic 
display display, image sensors, etc., and its manufacture method. In detail, the red (R) and green (G) which were formed on the 
transparent substrate, and a blue (B) coloring pixel in three primary colors are related with the light filters using the black matrix 
and it which are prepared in the gap portion of each coloring pixel arranged by turns, and those manufacture methods. 
[0002] 

[Description of the Prior Art] It was common to have carried out wet etching of the metal membrane represented by the 
chromium (Cr) film as a black matrix for light filters used for electrochromatic display display using a photolithography, and to 
have been manufactured conventionally. However, the alternate material of a metal Cr film is examined from points, such as 
reduction in reflection of a black matrix, and Iow-cost-izing. Among these, there is a method o f manufacturing a bl ack matrix (i t 
abbr eviating to Resin BM belo w) as a meth od put in practical use using the black resin which distributed carbon black. Resin BM 
has a low reflection factor compared with a metal CrTitrrrran d it i s p os sibtertOTaise the display contrasTof eleclrochrornatic 
display display. 

[0003] However, it is mentioned that it is inferior to shading nature as a trouble of the resin BM using carbon black compared 
with a metal Cr film. For this reason, in the case of Resin BM, compared with the ability of thickness to be managed with about 
about 2000A in the case of a metal Cr film, about about 10000A and about 5 or more times of a metal Cr film are needed, in 
order to obtain optical density (3.5 or more) required for a black matrix for thickness. By it, the level difference of the overlap 
portion of Resin BM and a coloring pixel becomes large ( drawing 4 ), and the problem that the cell gap of an open circuit of the 
transparent electric conduction film represented at the ITO (Indium Tin Oxide) film prepared on this, the orientation defect 
produced since the orientation film front face after rubbing is not flat, or a liquid crystal cell becomes uneven arises. 
[0004] Moreover, if the content of carbon black is gathered in order to make the optical density of Resin BM increase, a reflection 
facto? will increase, and the advantage of the low reflection factor of Resin BM will be spoiled. Moreover, although the method of 
mixing some kinds of organic pigments and manufacturing Resin BM instead of carbon black is also proposed, since optical 
density is low compared with carbon black, the problem by the level difference of an overlap portion with the coloring pixel 
mentioned above actualizes further. 

[0005] Furthermore, although the method of making each coloring pixel overlap, black-izing as the easy black matrix 
manufacture method, and using as a shading film is also proposed, since the level difference of the overlap portion of the coloring 
pixel in this case becomes still larger even if it compares it with the case of the conventional resin BM, the trouble mentioned 
above produces it. 
[0006] 

[Problem(s) to be Solved by the Invention] this invention is the thin thickness which the level difference of an overlap portion 
with a coloring pixel does not produce, and the place which it is made in order to solve such a trouble, and is made into the 
purpose has it in offering the light filters using the black matrix of a low reflection factor moreover and it which were excellent in 
shading nature, and those manufacture methods. 
[0007] 

\ [Means for Solving the Problem] In order to solve the above-mentioned technical problem in this invention, it considers as the 
/ black matrix first characterized by being formed by the multilayer which the shading film which forms the aforementioned black 

matrix turns into from a tungsten compound in the light filter by which the coloring pixel of a black matrix and at least 3 colors 

was prepared on the transparent substrate in a claim 1 . 

[0008] In a claim 2 the extinction coefficient of an optical constant with a wavelength of 550nm the aforementioned multilayer 
Moreover, the first less than 0.5 tungsten film which contains oxygen at least, Similarly an extinction coefficient The second less 
than 1 .5 or more 0.5 tungsten film which contains oxygen at least, The third tungsten film with which an extinction coefficient 
similarly makes 1 .5 or more tungstens a principal component considers as the black matrix characterized by being formed one by 
one on the aforementioned transparent substrate. 

[0009] Moreover, in a claim 3, it considers as the light filter characterized by forming the coloring pixel of at least 3 colors on a 
black matrix according to claim 1 or 2. 

[0010] It considers as the manufacture method of the light filter characterized by having the following processes in producing the 
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light filter by which the coloring pixel of a black matrix and at least 3 colors was prepared on the transparent substrate in a claim 
4 further again. 

(a) The process at which the first less than 0.5 tungsten film which contains oxygen at least, and an extinction coefficient form [ an 
extinction coefficient / the second 0.5 or more tungsten films / less than 1 .5 / which contains oxygen at least, and an extinction 
coefficient ] the shading film which forms the third tungsten film which makes 1 .5 or more tungstens a principal component one 
by one, and consists of a multilayer on a transparent substrate. 

(b) The process w hich carries out patterning processing of the aforementioned shading film which consists of the aforementioned 
multilayer, and forms a black matrix. 

(c) The process which forms the coloring pixel of at least 3 colors on the aforementioned black matrix, and produces a light filter. 
[001 1 ] In the light filter of this invention, by using the multilayer which consists of a tungsten compound as a shading film, since 
shading nature is high and thickness can be made thin compared with Resin BM, the level difference of an overlap portion with a 
coloring pixel can be made small. Moreover, the reduction in reflection is possible over the light field whole region by making a 
shading film into multilaver structure. 

[0012] 

[Embodiments of the Invention] The form of operation of this invention is explained using a drawing below. Drawing 1 is the 
cross section showing the structure of the black matrix concerning this invention, and one example of a light filter. Drawing 2 is 
the process cross section showing one example of the manufacture method of of the black matrix and light filter concerning this 
invention. 

[00 1 3] The first tungsten film with which, as for the light filter of this invention, an extinction coefficient contains less than 0.5 
oxygen on the transparent substrate 1 first, The second tungsten film with which an extinction coefficient contains or more 0.5 
less than 1 . 5 oxygen, An extinction coefficient forms the third tungsten film which makes 1 .5 or more tungstens a principal 
component one by one, and forms the shading film 2. The resist pattern 3 is formed on this shading film 2, this resist pattern 3 is 
used as a mask, etching processing of the shading film 2 is carried out, and the black matrix 4 is formed. Furthermore, red, green, 
and the coloring pixels 5R, 5G, and 5B that consist of the blue three primary colors are formed at least, and a light filter is 
produced. 

[0014] It explains focusing on the manufacture method of the black matrix 4. First, on the transparent substrate 1 which consists 
of a transparent inorganic alkah..glass substrate etc :jL by the sputtering method, the vacuum deposifibhlh^uToJ, etc., the third 



tungsten film which makes a principal component the first tungsten film containing oxygen, the second tungsten film which 
similarly contains oxygen, and a tungsten by making a tungsten target into an evaporation source is formed one by one, and the , 
shading film 2 is formed. 

[001 5] Here, in order to obtain the second tungsten film containing the first tungsten film and oxygen containing oxygen, oxygen 
(07jggs_is introduced in the chambe r of optimum dose, a sputtering system, or a vacuum evaporation system. The first and 
second tungsten films containing these oxygen measure optimization of thickness at the same time they control the refractive 
index and extinction coefficient of an optical constant of each film so that the aeiU-rc.sisiing effect is acquired. Moreover, optical ; 
density required for a black matrix.roairJy .contrpls the. tungsten of the besUayer by thickness of the third tungsten film made into 
a pnn^ci^djconyionent. 

[0016] In addition, although it explained that the third tungsten film which makes a principal component the first and second 
tungsten films and tungsten containing oxygen formed one by one with the gestalt of the above-mentioned operation, other 
elements may be mixed in each film, although the kind and amount are natural when it is the impurity which exists in material, 
even if the purpose of improvements, such as a cross-section configuration at the time of being the purpose which controls a 
membranous optical constant, and it being alike other than this, and carrying out wet etching, membrane stress, a film degree of 
hardness, and chemical resistance, may also carry out optimum dose addition of the specific material not only in one kind, it does 
not care about gas or an evaporation source in the case of film formation, either 

[00 1 7] Next, on the shading film 2 formed by the multilayer which consists of a tungsten compound formed on the transparent 
substrate 1 , by the method of a general photolithography, the resist pattern 3 which has a predetermined grid-like pattern is 
formed, the resist pattern 3 is used as a mask, the shading film 2 is ********** e d, and the bla ck matrix 4 is formed, under the 
present circumstances - etching qfthe shadinRfilm 2 which c onsisted of multilayers which consist of" the aforementioned 
tungsten compound - usually - CBrF3, SF6, and CF4 etc. - the dry etching method using gas is used In addition to this method, 
the wet etching method using medical fluids, ''such as "aTTNU3+HCl+H2 O system and a potassium ferricyanide + ethylenediamine 
+HC1 system, can be used. 

[001 8] Next, red, green, and the blue coloring pixels 5R, 5G, and 5B in three primary colors are formed. Any method of a 
pigment-content powder method, a staining technique, print processes, and the electrodeposition processes may be used for the 
method of forming these coloring pixels 5R, 5G, and 5B, and it should just choose it from these methods with many properties 
required of the light filter. 



[Example] An example explains this invention in detail below. Drawing I is the cross section showing the composition of one 
example of the light filter which used the black matrix of this invention, and it, and drawing 2 is the process cross section showing 
the manufacture method of one example of the light filter which used the black matrix of this invention, and it. Drawing 3 is 
explanatory drawing showing the spectral-reflectance property of one example of the black matrix of this invention. 
[0020] First, a tungsten target is used with monotonous type direct-current magnetron-sputtering equipment on the transparent 
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substrate 1 which consists of an inorganic alkali glass substrate (Code 7059F:Corning, Inc. make), and it is argon (Ar):02. It 
controlled by the mass-flow controller so that the flow rate of gas was set to 30sccm(s): 1 5sccm, respectively, and reactive 
sputtering was performed by power 400W under [ all ] the gas pressure of 0.7Pa, and the first tungsten film containing oxygen 
was formed. Here, the refractive index of an optical constant with a wavelength of 550nm is [ 2.20 and an extinction coefficient ] 
0.0 1 , and the first tungsten film containing oxygen made thickness 380A. 

[0021] Then, similarly a tungsten target is used with monotonous type direct-current magnetron-sputtering equipment on the first 
tungsten film containing oxy gen, and it is Ar gas:02. It controlled by the mass-flow controller so that the flow rate of gas was set 
to 30sccm(s):7.5sccm, respectively, and reactive sputtering was performed by power 400W under [ all ] the gas pressure of 
0.6Pa, and the second tungsten film containing oxygen was formed. Here, the refractive index of an optical constant with a 
wavelength of 550nm is [ 2.72 and an extinction coefficient ] 1.07, and the second tungsten film containing oxygen made 
thickness 395A. 

[0022J Furthermore continue and, similarly a tungsten target is used with monotonous type direct-current magnetron-sputtering 
equipment on the second tungsten film containing oxygen. It controls by the mass-flow controller so that the flow rate of Ar gas is 
set to 30sccm(s). Sputtering was performed by power 400 W under [ all ] the gas pressure of 0.5Pa, the third tungsten film which 
makes a principal component the tungsten whose thickness is 1 1 70A was formed, and the shading film 2 which consists of three 
layer membranes was formed (refer to drawing 2 (a)). Here, the refractive index of an optical constant with a wavelength of 
550nm was [ 4. 10 and the extinction coefficient of the third tungsten film which makes a tungsten a principal component ] 2.79. 
[0023] The optical density of the shading film 2 produced the above condition was 3 85 in the range of the light. Moreover, as a 
result of measuring the spectral reflectance of the transparent substrate side of the shading film 2, as shown in drawing 3 , the 
reflection factor in all the ranges of the light was less than 8%, and the minimum reflection factor was also 4.37% on the 
wavelength of 540nm. 

[0024] Next, on the shading film 2, the commercial photoresist (product made from M1CROPOSIT S1400.SHTPUREI) was 
applied with the spinner (rotation coater), circulating oven performed soft **-KU for 30 minutes at 1 10 degrees C, and the 
photosensitive layer of about 1 -micrometer thickness was formed. Then, the predetermined grid-like pattern was exposed, 
negatives were developed with the developer which diluted the commercial alkali developer (M1CROPOSIT developer : 
SHIPUREI make) with deionized water to double precision, the postbake for 30 minutes was performed at 1 20 degrees C, and 
the resist pattern 3 of the shape of a predetermined grid was formed (refer to drawing 2 (b)). 

[0025] Next, this resist pattern 3 is used as a mask, reactive-ion-etching (PJE) equipment is used for the shading film 2, and it is 
SF6. By gas, dry etching was carried out under the conditions of RF power 300 W and 30mTorr. Then, it removed in the remover 
only for photoresists (ablation liquid), and the black matrix 4 which has a predetermined grid-like pattern was formed (refer to 
drawing 2 (c)). 

[0026] Next, the red pigment-content powder resist was applied on the transparent substrate 1 in which the black matrix 4 was 
formed, soft **-KU, exposure, development, and the postbake were given, and red coloring pixel 5R was formed. Then, similarly, 
green and each blue coloring pixels 5G and 5B were formed one by one, and the light filter which arranged red, green, and the 
blue coloring pixels 5R, 5G, and 5B in three primary colors was obtained (refer to drawing 1 and drawing 2 (d)). 
[0027] " ' * 

[Effect of the Invention] Since this invention is the light-filter composition using the above-mentioned black matrix and it, it has 
the **** effect taken below. Since the multilayer which turns into a shading film from a tungsten compound is used for a **** 
bee and the black matrix of this invention, they can make thickness thin under at a quadrant obtaining optical density required for 
a black matrix compared with the resin BM using carbon black. Therefore, the level difference of the overlap portion of a black 
matrix and a coloring pixel becomes small, and the heterogeneity of the cell gap of an open circuit of transparent electric 
conduction films, such as an ITO film prepared on this, the orientation defect produced on the orientation film after rubbing, or a 
liquid crystal cell can be canceled. Moreover, by composition of a multilayer, since the reduction in reflection is possible, the 
display contrast of electrochromatic display display can improve, and the high electrochromatic display display of display grace 
can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the cross section showing the composition of the black matrix of this invention, and one example of the light 
filter using it. 

[Drawing 2] (a) - (d) is the process cross section showing one example of the manufacture method of the light filter which used 
the black matrix of this invention, and it. 

[Drawing 3] It is explanatory drawing showing the spectral -reflectance property of one example of the black matrix of this 
invention. 

Prawing 41 It is the cross section showing the composition of the conventional light filter. 
[Description of Notations] 
1 11 .... Transparent substrate 
2 .... Shading film 

3 .... Resist pattern 

4 .... Black matrix 

5R, 1 5R .... Red coloring pixel 
5G, 15G .... Green coloring pixel 
5B, 1 5B .... Blue coloring pixel 
14. ...Resin BM 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The black matrix characterized by being formed by the multilayer which the shading film which forms the 
aforementioned black matrix turns into from a tungsten compound in the light filter by which the coloring pixel of a black matrix 
and at least 3 colors was prepared on the transparent substrate. 

[Claim 2] For the aforementioned multilayer, the extinction coefficient of an optical constant with a wavelength of 550nm is the 
black matrix according to claim 1 to which it is characterized by forming the tungsten film of ** the third to which an extinction 
coefficient is the same with the second less than 1 .5 or more 0.5 tungsten film which contains oxygen at least, and an extinction 
coefficient makes 1 .5 or more tungstens a principal component same with the first less than 0.5 tungsten film which contains 
oxygen at least one by one on the aforementioned transparent substrate. 

[Claim 3] The light filter characterized by forming the coloring pixel of at least 3 colors on a black matrix according to claim 1 or 

2. 

[Claim 4] The manufacture method of the light filter characterized by having the following processes in producing the light filter 
by which the coloring pixel of a black matrix and at least 3 colors was prepared on the transparent substrate. 

(a) The process at which the first less than 0.5 tungsten film which contains oxygen at least, and an extinction coefficient form [ an 
extinction coefficient / the second 0.5 or more tungsten films / less than 1.5/ which contains oxygen at least, and an extinction 
coefficient ] the shading film which forms the third tungsten film which makes 1 .5 or more tungstens a principal component one 
by one, and consists of a multilayer on a transparent substrate. 

(b) The process which carries out patterning processing of the aforementioned shading film which consists of the aforementioned 
multilayer, and forms a black matrix. 

(c) The process which forms the coloring pixel of at least 3 colors on the aforementioned black matrix, and produces a light filter. 
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40 

[0018] n<?>3mti<7ymmm5 
m<7)o-hcr>ii0)ijmzm^xi>£<. ^^7-7 4 )v 

[0019] 

B 1 li*%W?>7-7 v9-?h V y 9Xm*tl$m^t: 

50 ^ 7-7 4 j\s9<o-mm<?)m&zm®mmx'$> 0 . 
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m2\i*%pncD77v?-?hV-v7xRVZti£m^tc X3 0ftfflcr>#xh<—7£fi'>X. mfenWf-ttfnv 

#y-7 4fr?w~mmnwmmzm-J3mwM i?zw->3tmf&.Lt: (02 (t>> #$) . 

Z'hh.milttftWCD-fyvfvhV-ytZCD-mfo [0025]#K. £*>H>XhA«*->3fc"eX?fc 

fi*0iHKRS*¥«tt^*t3l^Ercfc4. LT, &5£$|2£. rfryx-yf-y?' (Rl E) 

[00201 ^*187^^7^(00(16 SB*fflV\ SF 6 tf-XKT. RFA7-3 0 0W, 3 

70 5 9F : *»^SS D M«1± OmTor rf^ftKH^X'yf y/lt. 

¥^it^7^*hQyxA-y?3£S£T?y^x ft. 7t M^'xb$Jf)<oUi*-A (HgtiflD (rtl&£ 

ry^-^' yh^fflV^T. TlVdV (Ar) : Oz #X U m£0^#/N , ?->'£lrri>7'7 •/ 77h 'J -y? 

WSam-etl3 0sccm: 15sccmti4«t X4£«2fi£L*: (02 ( c ) #K0 . 
o£-?*yn-a>hu-?lzX®mL. ±#X&j] 10 [0026] at. ^^fi^tSlUS/'^hSr^-y^-? 

0. 7 P aT. 0 OWTBBttX^v^ U V/i HJ ??X4j^j£$ftfc»!^«l±fc&*»iU 77 

&£5 5 0nmT'O^^C0Jgffi$#2. 20. *Hfi <0««feBsg5G. 5 *3L #?) 

OmtfO. Oir. BW*380AtLfc. 3ISfe^feH*5R. 5G. 5 BfcEHLfc*?-? 

[002 1] ggwt. S^^rsfS-^y^xf- iWimbiUz (01. 02 (d)#»g) . 

yRJbfc. HlXTOSiMv^hnyx/^iai [0 02 7] 

iZXfy^Tyf-yyhZmiK Ar#X:0 2 >Cf [%Hflco^S]*^{i±iBc7)y7. y ^- ? MI-y^X& 

XCDcSLtj^ft-f-'ftS 0sccm:7. 5s ccmt4 tf-£*l£JflVVfc;&5-7 -f iVfffifoX'hhti^h. TW,Z 

ijO. 6PaT. m#4 0 0WT'£«ttX^-y?'jy^ 'Jy?XJ±. g^lC^y^Xx^fcm^&^S 

&JI5 5 0n m T*CD3^»»^2. 72, *8g ^£«|I¥£4#m#p£ii<-e&&. UrtfoT. 7 

flBfcFl. 0 7T. RW£3 9 5ACLfc. 5-y?7h U y?X£s&£BSk<9*-A-:7>y;7-g|5# 

[0022] sicKbvr. ir^^#*-r^-«o^y^ i<o±fcfSHttfL4 1 Tojg^k' 

mmiZX 7>7A7->?-y -y b £JfI^. A rijxoyfr ffl^OB^frfcfl'tfMr/P* * y 7cO*t%-&£ffim-Z> 
iA«30sccm(:^J:3m7n-3>hD-7 ^AiROliAic J: 

(c-awu £#xff7jo. 5PaT, m7j4oowr- 30 mx-hh^x\ ^^-m&m^mm^m^^yhyxh 

xj^v ? v yy-k^w mmtfi 1 7 o A»^y/xf m±i. m&MLnm^y-mfe&mmmz: 
yi^mt-s-hm^wyrxTymzj&WLL, 3® 

®h*t>%z>mm2mtfLLtz 02(a) . - imcommuwi 

ZT. 9y7x=ry£±&ftt-?Z>m^cr)?y7X"ry [01 ] *mic077>y?-?hV -/^xm/^ti^m^ 

mt. 5 0 nmt«i?^siiff* ! 4 . i t^?-? < ^ ^-mmmmm^-fmrnrnx-h 

0.iIW2. 7 9tfcot. 

[0023] &±<n&ftx-m$titzMm2(?)mm [02 ] < a > ~ < d > a. ^mnr^ * ?•? h v 

2<^«BS«QIIW4BI£R«**«£Lfctel6. 03(z* MMfc^lSKilia-e*)*. 

r J: o fc. ^a*^»HT^R«*«i8«*S|-C* 40 [03 ] *3Hlfc)77 y y ^X^-Hlfe^^ 

0. ft/NGR#»fc*£54 0 nmt'4 . 3 7%T'fco *R«*»tt**tfliflErc**. 

[04 ] mtn*^--?* w<r>m&^mmx:t> 

[00 24] mz. m%M2±iz. -fim<?>7* vvy'x h. 

v (iw icropos it si4oo:^ru^a \.vm^W9i\ 

m) ixzy->— mmmm.) izxwftL. k i 1 smmm 

*-7ytzx 1 1 ox:x-3 o^fS^V7 hK-?tfi-? 2 mxm 

x. ttoitAmwm&ammmfSLUz. *<m. mm 3 wjxyw-v 

<r)t&FW*9-y*m%L. fflfaT/M/Vmm (M 4 77v?-?hV 

ICROPOSITr^D yA-: i^Tb-fttSS) 5rlK 5R S 15R #fe«0«feg^ 
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